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The objective of this Korean/U.S. laboratory/university collaboration of coupled fundamental
computational and experimental studiesisto develop supporting knowledge needed for improved
predictive techniques for use in the technology development of ALWR (Advanced Light Water Reactor)
and SCR (Super Ciritical pressure Reactor) concepts and their passive safety systems. This basic thermal
fluids research appliesfirst principles approaches (Direct Numerical Simulation—DNS and Large Eddy
Simulation—L ES) coupled with experimentation (heat transfer and fluid mechanics measurements).
DNS, LES and differential second-moment closures (DSM or Reynolds-stress models) are advanced
computational conceptsin turbulence "modeling” whose development is being extended to treat
complex geometries and severe property variation for ALWRs and SCRs.

General effects of strong heating of liquid water are variation of the viscosity and, possibly,
significant buoyancy effects depending on the geometry. General effects of strong heating of
superheated steam and supercritical water are variation of all transport properties, reduction of
density causing acceler ation of the flow in the central core and, in some cases, significant buoyancy
forces. As asingle example of consequent application problems, general-purpose commercial
Computational Thermal Fluid Dynamic (CTFD) codes do not necessarily provide accurate or
conservative predictions for these conditions, as shown by the comparisons of Figure 1. Thisfigure
presents predictions from several popular turbulence models which are employed in commercial codes.
(While a knowledgeabl e turbulence model er might adjust the model so that the predictions agree with the
data, the results would not likely be useful beyond the particular situation—and the normal design
engineer does not possess that level of expertise.) Growth of the internal thermal boundary layer leads to
readjustment of any previously fully-developed turbulent momentum profile. No truly fully-established
conditions are reached because the temperature rises—leading, in turn, to continuous axial and radial
variation of properties such as the fluid viscosity.

Idealized flow geometries are often not found in the reactor cores of light water reactors, either
conventional PWRs and BWRs or advanced versions, such as SCRs. There are end plates, grid spacers
with and without a variety of deflectors, closely-packed fuel rods, staghant regions and other structures;
some examples for supercritical water reactors are shown in Figure 2. Thus, the flow geometry is more
complex than the geometries that have been used to generate the empirical correlations used in the
thermal hydraulic safety codes. These complex geometries may augment the heat transfer and pressure
drop or they may cause stagnation regions with reduced velocities and, thereby, increased thermal
resistance leading to "hot spots." Detailed flow field measurements are needed to provide understanding
of the interacting phenomena induced by these geometries.
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Fig. 1. Examples of difficultiesin predicting surface temperatures in supercritical flows using popular
turbulence models, arbitrary temperature units [Mikielewicz, 1994].
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Fig. 2. Some proposed designs for fuel assemblies in Supercritical (pressure) Water Reactors.

Prof. Pletcher is extending LES to generic idealizations of such geometries; Prof. Yoo supports
these studies with DNS. Prof. Park is developing DSM models. INEEL will obtain fundamental
turbulence and velocity data for generic idealizations of the complex geometries of these advanced
reactor systems. Profs. Wallace and Vukloslavcevic are devel oping miniaturized multi-sensor probes to
measure turbulence componentsin supercritical flows. Profs. Lee, Ro, and Yoo will develop experiments
on turbulence structure in superheated and supercritical flows. These tasks and their interactions are
summarized in Figure 3.

The goals of the INEEL experimental portion of the study are to answer the scientific needs
identified in the proposal and to guide code development and assess code capabilities for treating the
generic forced convection problemsin ALWRs and SCRs. The INEEL Matched-Index-of-Refraction
(MIR) flow system will be employed; it will provide means for flow visualization and velocity
measurements for the portion of the study dwelling on forced convection in complex reactor geometries.
For the candidate geometry, the experimental model provides a generic simulation of flow along a
closely-packed array of fuel rods separated by periodic grid spacers.
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Fig. 3. Project organization chart.
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For the model we have selected
atwo-rod configuration which includes
some flow aspects of the thermal SCR
concepts suggested by Oka et a. [2002],
Forschungszentrum Karlsruhe [ Cheng
and Schulenberg, 2003] and INEEL
[MacDonald et al., 2002] as shownin
Figure 2a. We chose an idealized ring-
cell spacer configuration to position the
rods and to counter potential vibration
(Figure 4); ring spacers [Kraemer et al.,
1995] have been included in some
SCFBR designs [Jevremovic, Oka and
Koshizuka, 1996] as well as some
boiling water reactor designs. Figure 5
provides an overview of the model
relative to the MIR test section. In the
region where the main measurements 3.025"
will be taken the material is T [7.68cm]
predominantly quartz to match the

refractive-index of our light mineral oil.  Fig. 4. Cross sectional view of model at the location of a

With arod diameter of 2.5 grid spacer.
inches (~ 6 cm), the geometry is scaled
to be about six times larger than typical fuel pins. The thickness of the ring-cell spacer is about 1/6 the
gap between rods (p-d) and its length is taken to be about ten times the annular gap between it and the
simulated fuel rod. Three protuberances simulate dimples and a spring centering the rod. The axial
spacing between the rings was chosen to be thirty times (p-d) to allow significant redevel opment and
mixing of the flow; however, in some laminar flows this distance may not be sufficient to become fully-
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